Oligonucleotides have been receiving increased attention over the past few years as a potential new class of pharmacologically active compounds. They can be used to control gene expression in a sequence-specific manner by targeting messenger RNAs (antisense oligos or ribozymes), chromosomal DNA via triple-helix formation (antigene oligos), or proteins (sense oligos and aptamers) (1) (2) (3) (4) (5) . Because of these possible applications, a great deal of research effort has been devoted to the development of oligonucleotide analogs with increased resistance to nucleases and/or increased binding to nucleic acid targets (6) .
In the antigene strategy, an oligonucleotide binds to the major groove of double-helical DNA (7, 8) . A (9) (10) (11) or intercalators (12) that bind base pair inversions or by switching from one strand of DNA to the other when oligopurine sequences alternate on DNA strands (13) (14) (15) . In most cases, the binding of triplexforming oligonucleotides to target DNA sequences is not strong enough to expect the development of antigene oligonucleotides as therapeutically useful drugs. The binding strength can be increased by tethering intercalating agents to the ends of triplex-forming oligonucleotides (16, 17) or by inserting intercalating agents at internal sites to recognize base pair inversions in oligopurine.oligopyrimidine sequences (12) .
Recently, the synthesis and some hybridization properties of a new family of oligonucleotide analogs containing N3' -> P5' phosphoramidate linkages have been described (18) (Fig. 1) .
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (22), the a-anomers of nucleoside units (23) , and 5' conjugates with intercalating agents (16) . (17) . Binding of the (T,C,G)-containing oligonucleotide 5 was only slightly dependent on pH (because of the presence of a single cytosine), much less than the (T,C)-containing oligonucleotide 1, whose binding to doublestranded DNA was not detected at pH 7.0. When the phosphodiester linkages in the oligonucleotides were replaced with N3' -> P5' phosphoramidate ones, the triplex-forming ability of the oligomers was strongly enhanced (Fig. 4) . The (Fig. 3) . Addition of the (T,C,G)-containing 15-mer phosphodiester oligonucleotide 7 (Table 2) Table 2 for sequences). The double helix and third-strand concentrations were 1 and 1.2 ,uM, respectively. Melting curves were recorded in a pH 7.0 buffer containing 10 mM sodium cacodylate, 100 mM NaCl, and 10 mM MgCl2. The following oligonucleotides were used: 15-mer (T,C,G)-phosphodiester ( Table 2 ). expected site on the 5' side of the polypurine tract (Fig. 3 ). An IC50 of about 1.5 JtM at 30°C was determined from the concentration dependence of transcription inhibition. The unsubstituted oligonucleotide phosphoramidate 6 was much more efficient than the phosphodiester-intercalator conjugate, with an IC50 of <0.1 ,uM at 30°C (Fig. 3C) . The site of transcription arrest was compared with that obtained when the DNA template was cleaved with Dra I on the 5' side of the target sequence (Fig. 3A) . As seen on Fig. 3 (18) . They penetrate into living cells as shown by using fluorescein-labeled oligomers (unpublished observations). Further studies are required to determine whether the ability of oligophosphoramidates to arrest RNA polymerase in an in vitro transcription assay will also be observed within cells.
The observed enhanced ability to form triple-helical complexes by the phosphoramidates may be due to several reasons. First, the apparent pK of cytosine might be increased in oligonucleotide phosphoramidates as compared with phosphodiesters, but this is not sufficient to explain the observed stability of triplexes; the triplex formed by the (T,C,G)-15-mer-oligonucleotide phosphoramidate was strongly stabilized when compared with the (T,C)-16-mer even though it contained a single cytosine residue (see Table 2 ). Second, the phosphoramidate linkage favors a BI conformation of the oligonucleotide backbone over the BII conformation, and sugar rings adopt an RNA-like N-conformation (25) . This facilitates Hoogsteen hydrogen bonding to the duplex when the third strand is in a parallel orientation with respect to the polypurine target sequence, as was observed with the (T,C)-and the (T,C,G)-containing oligomers studied in this report. Previous works have shown that RNA forms more stable triple helices than DNA third strands (22, (26) (27) (28) ) (see Table 1 ). In contrast, a destabilization is predicted for reverse Hoogsteen hydrogen bonding as observed with (G,A)-containing oligonucleotides, which bind antiparallel to the polypurine sequence (28 
